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(57) ABSTRACT 

This invention relates to implantable heart sack that can be 
equipped with pacemaker leads and/or defibrillation leads 
for the treatment of cardiomyopathy, hypertrophic 
cardiomyopathy, tachycardia, bradycardia, ventricular 
fibrillation, atrial fibrillation etc. The heart sack was pre- 
pared from biocompatible, biostablc, implantable 
polyeihernreihane, polycarbonateurethane, silicone, 
polysiloxaneurethane, polylluoroethylene, or hydrogenated 
poly (sty rene -butadiene) copolymer. The heart sack is 
equipped with attached sutures to make it easier to attach 
onto the heart. The heart sack can be made semipermeable 
or perforated to have numerous holes. The heart sack can be 
reinforced with fiber or filament. Ordinary pacemaker leads 
can be attached to the inner side of the heart sack. However, 
the pacemaker leads of this invention were prepared from 
noble metal (gold, platinum, rhodium and platinum- 
Rhodium alloys) or stainless steel coated, deposited or 
plated mono-filaments, yarns, braids, cords, wires or films, 
or cylindrical tubes of polyamide, polyimide, polyester, 
and/or polypropylene that are encased in multi-lumen insu- 
lating tube or coaxial tube made of biocompatible, biostable, 
implantable polyetherurelhane, polycarbonateurethane, 
silicone, polysiloxaneurethane, polyfluoroethylene, or 
hydrogenated poly(styrene-butadiene) copolymer. The leads 
can be mounted onto the inner surface of the heart sack and 
contoured to the heart. The heart sack can be coated with 
hydrophilic coating containing an antimicrobial agent that 
gives the heart sack a low coefficient of friction, excellent 
biocompalibility and antimicrobial properties. 

20 Claims, 2 Drawing Sheets 
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CARDIO THERAPEUTIC HEART SACK 

This application claims the benefit of Prov. No. 60/106, 
960 filed Nov. 4, 1998 

5 

RET .0 OF THE INVENTION 

This invention relates to a biocompatible, biostable and 
implantable heart sack which is prepared from 
biocompatible, biostable and implantable elastomers 
selected from the group consisting of polyethemrethane, 
polycarbonateurethane, silicone, poly(siloxane) urethane 
aud/or hydrogenated poly (styrene-butadiene) copolymer for 
the treatment of cardiomyopathy, hypertrophic 
cardiomyopathy, tachycardia, bradycardia, ventricular 
fibrillation, atrial fibrillation etc. The heart sack of this 
invention can be reinforced with mono-filaments, yarns, 
braids, cords, knitted or woven or non-woven cloth made of 
a biocompatible, biostable, implantable polyamide, 
polyimide, polyester, polypropylene, and/or polyurethane 
etc. 

The heart sack of this invention can be equipped with 
pacemaker leads and defibrillation leads. The leads and 
electrodes of this invention are made of noble metal or 
stainless steel deposited, coated or plated mono-filaments, 
yarns, braids, cords, wires, films, cloth and/or cylindrical 
tubes. The noble metal used for this invention is selected 
from the group consisting of gold, platinum, rhodium and 
their alloys. The mono-filaments, yarns, braids, cords, wires, 
films, cloth or cylindrical tubes materials to be coaled, 
deposited or plated with noble metal are selected from the 
group consisting of poly(ethylene terephthalate), poly 
(butylcnc terephthalate), polyamide, polyimide, 
polypropylene, polyethemrethane, polycarbonateurethane 



poorly functioning heart. Hyper cardiomyopathy is a disease 
of the heart muscle. It is characterized with an overactive left 
ventricle due to its increase in muscle mass resulting in an 
obstruction of the blood that is being pumped from the left 
ventricle to the rest of the body. This causes dyspnea on 
exertion and chest pain due to ischemia. Currently, there is 
no treatment to alter the course of the disease. Restrictive 
cardiomyopathy is least common of cardiomyopathies. It is 
due to other pathological processes such as sccrdcrma, 
amyloid, sarcoid, or storage decease. This invention is to 
prevent enlargement of the heart and thinning of the heart 
wall of patients with dilated cardiomyopathy, or hyper- 
trophic cardiomyopathy by the use of a heart sack. 



BRIEF SUMMARY OF THE INVENTION 

The implantable heart sack of this invention was prepared 
from a biocompatible, biostable and implantable elastomer 
selected from the group consisting of polyclhcrurcthanc, 
polycarbonateurethane, silicone, polysiloxaneurethane and/ 
or hydrogenated poly (styrene-butadiene) copolymer. 
20 Grooves can be made on the inside of the sack to accom- 
modate blood vessels and pacing or defibrillation leads. 
Holes can be punched out from the heart sack to accommo- 
date the pulmonary artery and aorta. The heart sack can be 
made to be a semipermeable membrane by providing numer- 
25 ous micro holes in the heart sack. This can be done 
mechanically, or by phase inversion casting method, or 
leaching out a soluble blend from an injection molded heart 
sack. Many larger holes can be perforated in the heart sack 
to allow body fluid to freely flow around the heart sack. The 
30 heart sack of this invention can be reinforced with mono- 
filaments, yarns, braids, cords, knitted, woven and/or non- 
woven cloth made of a biostable, implantable polyamide, 
polyimide, polyester, polypropylene, or polyurethane etc. 
The heart sack is split from the upper edge of the sack 
and their copolymers. The heart sack and electrodes are very 35 ^ h (hc pulmonary artery and aorta open ings. In this 



flexible and have good biocompliance with heart muscle 
They have high strength and excellent mechanical proper- 
ties. Ordinary pacemaker leads and defibrillation leads could 
be also imbedded into the heart sack to provide cardiac 
pacing or defibrillation. 
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BACKGROUND OF THE INVENTION 

Electrical therapeutic heart sack devices are a new and 
noble concept. Cardiomyopathy is a commonly observed 
disease in an aging population. Cardiomyopathy is a defect 
of myocardial function. There are three categories of Car- 
diomyopathies; dilated cardiomyopathy, hypertrophic cardi- 
omyopathy and restrictive cardiomyopathy. Dilated cardi- 
omyopathy refers to a condition in which there is weakened 
contraction of the venlricles with an apparent dilation of the 
veni rides. This leads to inadequate perfusion, and increased 
pulmonary and systemic venous congestion. It will lead 
essentially to loss of heart function. The history of the 
disease is one of progressive deterioration. The mortality in 
one year is greater than 50% for those people who have a 



way, the sack can be opened to fit onto the heart. Several 
sutures are attached on one side or both sides of the culling. 
Suturing makes the heart sack tit tightly onto the heart. 
Ordinary pacemaker leads and defibrillation leads can be 
40 imbedded into the heart sack to treat tachycardia, 
bradycardia, ventricular fibrillation, atrial fibrillation etc. 
However, the ordinary pacemaker leads that interface with 
the exterior of the heart often lack physical and physiologi- 
cal compliance with the heart muscle and its surrounding 
4 5 tissue resulting in mechanical abrasion and scar formation. 
To prevenl abrasion, Ihe pacemaker leads and/or eleelrnde of 
this invention are made of noble metal or stainless steel 
coaled, deposited or plated mono-filaments, yarns, braids, 
cords, wires, films, cloth cylindrical tubes, and laminated 
50 films. These articles are encased in multi-lumen insulating 
tubing having at least two lumens or in layers of the coaxial 
insulation tubes. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is an illustration of a heart showing some major 
blood vessels. 

FIG. 2 is an illustration of a heart sac according to the 
invention. 

FIG. 3 is an illustration of a heart sac in combination with 
fiber and film electrodes. 

FIG. 4 is an illustration of a perforated or semipermeable 
heart sac according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

When a man-made material is implanted in a human body, 
the body immediately recognizes the presence of the foreign 
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material. This will trigger the immune defense system to 
eject or destroy the material and will cause edema, inflam- 
mation of ihe surrounding tissue, and biodegradation of (he 
implanted material due to an enzymatic free radical attack, 
hydrolysis, oxidation and environmental stress cracking. 5 
Only a few polymers arc known to possess a long term 
biostability, and good biocompatibility. The materials cho- 
sen for the implantable heart sack of this invention were 
selected from the group consisting of polyetherurethane, 
polyearbonateurelhane, silicone, poly(si1oxane) urethane, 10 
ethylene-propylene and dicyclopentadiene terpolymer, and/ 
or hydrogenaied poly (styrene-butadiene) copolymer. These 
polymers were chosen due to their elasticity, excellent 
biostability and biocompatibility. The heart sack can be 
prepared from casting, coating, extruding, molding of these 15 
biocompatible and biostable materials. The preferred poly- 
urethane is selected from the group consisting of poly 
(tetramethylene-ether glycol) urethanes and poly 
(hexamethylenecarbonate-ethylenecarbonate glycol) 
urethanes such as Dow Chemical Company Pellethane™ 20 
90A, and Pellethane™55D. The preferred polycarbon- 
ateurethane is Polymer Technology Inc Dionale™ or Ther- 
medics Inc Carbothane™. The preferred silicone rubber has 
durometer hardness range of between 30 to 85. Both per- 
oxide cure silicone and platinum cured silicone can be used. 25 
Examples are Ihe Dow Coming Inc medical grade 70000 
series, Q-4865 and Q-6860 series silicone, NuSil Inc MED 
4535, 4550, 4560, 4750, 4770, and 4780 series silicone, and 
equivalent products of other manufacturers. The preferred 
polysiloxaneurethane is Elastomedics Elast-Eon™. The 30 
heart sack made from these polymers possesses excellent 
long-term biostability, good biocompatibility, no toxicity 
and good resistance to the environmental stress cracking. A 
heart sack can be reinforced with high strength fibers or 
filaments of polyamide, polyimide, polyester, and polypro- 35 
pylene or crossl inked polyurethane. The preferred reinforc- 
ing material is poly(ethylene terephthalate), and poly 
(butylene terephthalate). The filaments and cords prepared 
from these polymer have very high tensile strength and have 
good long-term biostability when imbedded in the afore- 40 
mentioned biocompatible and biostable elastomers. Con- 
toured grooves can be made on the inside of the heart sack 
to accommodate blood vessels and pacing or defibrillation 
leads by designing dies for the casting or molding. The heart 
sack is split from the upper edge of the sack through the 45 
pulmonary artery, aorta and other blood vessel openings. In 
this way, the sack can be opened to fit onto the heart. Sutures 
are attached on one side or both sides of the cutting. Suturing 
enable to tie the heart sack tightly onto the heart. 

The heart sack of this invention can be equipped with 50 
pacemaker leads and defibrillation leads. However, care 
must be taken to prevent mechanical abrasion of the heart 
muscle and surrounding tissues. Pacing and defibrillation 
leads of Ibis invention comprises the noble metal coated, 
deposited, or plated mono-filaments, yarns, braids, cords, 55 
wires, films, cloth or cylindrical tubes, and laminated films 
that arc encased in multi-lumen insulating sleeves or coaxial 
tubes. The metal coated, deposited or plated articles can be 
prepared by vacuum coaling, vacuum deposition, chemical 
or physical deposition, spattering, chemical or electric 60 
reductions of the metallic ions or chemical plating etc. Noble 
metals such as gold, iridium, platinum, rhodium and their 
alloys or corrosion resistant stainless steel can be coated, 
deposited or plated onto fibers and films to form an electric 
conductive electrode and leads elements. Hereunder, these 65 
metal coated, deposited or plated products are referred as 
"noble metal coated" products. 
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To make the electrodes and leads, the noble metal coated 
mono-filaments, yarns, braids, cords, wires, films, cloth or 
cylindrical tubes, and laminated films etc. must have excel- 
lent electric conductivity, biostability and biocompatibility. 
Noble metals, which meet these requirements, due to their 
very low electric resistance, and excellent biostability and 
biocompatibility, are gold, platinum, rhodium and platinum- 
rhodium alloy. Preferred metals are platinum and platinum 
rhodium alloys. Platinum has an extremely low electric 
resistance of 0.000275 ohm per meter. Biostability, 
biocompatibility, and low electric resistance of platinum and 
platinum-rhodium alloys are extensively proven as the pace- 
maker and defibrillator electrodes. 

The mono-filaments, yarns, braids, cords, wires, films, 
cloth or cylindrical tubes, and laminated films of this inven- 
tion to be coated, deposited or plated with noble metal need 
to have high strength, good biocompatibility and long term 
biostability. Hereunder, these mo no- filaments, yarns, braids, 
cords, wires, films, cloth or cylindrical tubes, and laminated 
films may be referred as "fiber and film" products. Polymers, 
which meet these requirements, are poly(ethyleue 
terephthalate), poly(butylene terephthalate), polyamide, 
polyimide, polypropylene, polyurethane, and their copoly- 
mers. The preferred material to make fiber, filament yarn and 
film is polyethylene terephthalate) (PET)- PET has an 
excellent physical strength, good biocompatibility, 
biostability, and is already utilized in construction of artifi- 
cial heart valves, and artificial blood vessels. 

The highly electric conductive noble metal coated articles 
described above are encased in multi-lumen insulating tub- 
ing having at least two lumens or encased in coaxial tubing. 
The elastomers, which have excellent insulating properties 
and which meet requirements for implantation are 
polyetherurethane, polycarbonateurethane, silicone, 
polysiloxaneurethane, polyfiuoroethylene, or hydrogenaied 
poly(styrene-butadiene) copolymer and the same as 
described in the above heart sack materials. Tubes made 
from these polymers are known to have an excellent long- 
term biostability, good biocompatibility, no toxicity and 
good resistance to the environmental stress cracking. It is 
known that hydrogen peroxide simulates the oxidative 
actions imposed by the body against an implanted foreign 
material. The use of hydrogen peroxide, or hydrogen per- 
oxide plus cobalt chloride to test biostability of materials is 
described in Journal of Biomatcrials Research Vol. 29, 
467-475 and Journal of Biomedical Material Research Vol. 
27, page 327-334. 

A multi-lumen tube of at least three lumens is preferred 
for the bipolar leads. The coaxial leads can be fabricated 
from alternating layers of the aforementioned insulating 
tubing and an electrically conductive material made of the 
noble metal coated mono-filaments, yarns, braids, cords, 
wires, films, cloth or cylindrical tubes. A special alloy 
MP35N coil also can be used as the leads electric conductor. 
The leads are fabricated in such a way that one end of the 
leads or cable can be connected to a pacemaker or defibril- 
lator. The noble metal coated fibers and/or films protrude 
from another end of the multi-lumen leads or coaxial leads 
for a designated length. They can be attached or bonded onto 
a narrow and thin strip of a insulating film, sheet or a sliced 
tube to form electrodes. The insulation material is made of 
one or more of the aforementioned biocompatible, biostable 
and implantable insulating polymer and has one or more 
grooves. The electrodes are bonded into grooves in parallel 
in a designated width, or the electrode is attached individu- 
ally on the separate iasulation material. Multiple grooves 
can be made to accommodate multiple electrodes. The 
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insulation sheel thai has grooves can be extruded using a leads materials have excellent biocompliance with the heart 

film die with appropriate shape. To mount the noble melal muscle. Further reduction in the coefficient of friction can be 

coated fiber electrode into the groove, a round groove having achieved by the use of a hydrophilic coaling applied onto the 

the diameter slightly smaller to slightly larger than lhat of leads and electrode insulation surface. The whole heart sack 

the fiber with V31 to V2 of the circumference opened or cut 5 and leads assemblies, except the electrode surface, can be 

away is preferred. This enables the electrode to be retained coaled with a thin layer of a biocompatible, hydrophilic 

in ihe grooves and leaves x hi to Vi of the metal-coated fiber coating to lower coefficient of friction. This type of coating 

surface exposed on the surface of the insulating sheet. In the wa s prepared from the polyvinylpyrrolidone (PVP) polyure- 

same manner rectangular grooves can be made in an insu- thane interpenetrating polymer. The coating solution was 

lating sheet to accommodate the metal coated film elec- 30 prepared from dissolving polyvinylpyrrolidone and urethane 

trodes. The noble metal coated films can be laminated with ^to organic solvents. A hydrophilic coating also can be 

one or more of the aforementioned biocompatible, biostable made by depositing a solid polyvinylpyrrolidone derivative 

and implantable elastomer sheet in parallel in a designated on t 0 the heart sack. The PVP coating provides excellent 

width from each other, or individually bonded onto the biocompatibility and low coefficient of friction when wet 

separate insulation material to make electrodes. The elec- 35 with blood or body fluid. The coating swells in water but will 

trode and insulaiing ribbons can be heat treated and annealed no t dissolve or leach out and is extremely hydrophilic. 

to contour the heart sack. This assures tight contact with the ^ incidence of infection associated with the implantation 

heart muscle. The pacemaker leads are fabricated in such a of me dical devices in the body is often life threatening, 

way that one end of the leads can be connected to an Somc particularly persistent infectious organisms arc 

implanted pacemaker or defibrillator. The noble metal 20 staphylococcus, staphylococcus epidermis, and pseudomo- 

coated electric conductive elements protruded from another nas auer ig nosa . Staphylococcus is especially dangerous 

end of the leads can be also connected to the regular because it has an affinity for plastics. Entercoccus is another 

pacemaker elecirodes and defibrillator electrodes. When Ihe grar n -positive organism thai causes life- threatening infec- 

MP35N coil or silver/MP35N coil is used as electric con- tion and is resistant to a broad range of antibiotics. The 

ductive material for the leads, a portion of the protruding 25 ujciaence of infection associated with the implanted medical 

MP35N coil can be connected to the ribbons or strips of devices can be prevented with the use of antimicrobial 

metal coated fibers and bonded onto the insulation materials agen ts. Coating, impregnation and compounding of antimi- 

in the same manner described above. The connection area cro bial agents on medical devices can prevent infection 

can be sealed with polyurethane, silicone or epoxy resin associated with the implant operation. Antimicrobial agents, 

sealant to prevent short-circuiting and abrasion. The leads 30 w hi c h are suited for this purpose, are benzalkouiumchloride 

can be imbedded directly in the heart sack or inserted into (BAG), chiorhexidine dihydrochloride (CHD), dodecar- 

the groove in the heart sack. The self -contouring and flexible bonium chlnride (DCC), and silver sufadia/.ine (SSD). The 

electrodes provide excellent mechanical and physiological amount of antimicrobial agent required depends upon the 

compliance to prevent mechanically induced damages such agem It general i y ranges f rom 0.0001% to 0.5%. BAC, 

as thickened epineurium, increased subperineural and endo- 35 D CC and SSD can be dissolved or dispersed in coating, 

neural connective tissue, endoneural edima, These antimicrobial agents can be added to the 

demmyelinizalion, or axonal degeneration. An ordinary biocompatible, lubricious and hydrophilic coating described 

pacemaker leads and defibrillation leads can be also imbed- ^ aDO ve. Anti microbial agents can also be added to a 

ded or inserted into the groove in the heart sack to treat bioresorbable polymer solution of polyglycolide, polylac- 

tachycardia, bradycardia, ventricular fibrillation, atrial 40 tide or collagen. Medical devices can then be coated with 

fibrillation etc. Similarly the ribbons or strips of the noble this an | im i crob ial solution. CHD due to its high decorapo- 

metal coated films that are laminated with the aforemen- sition lcmpcralurc an d good thermal stability can be com- 

tioned implantable elastomer can be inserted or mounted pounded into polyurethane and silicone polymers and then 

onto separate areas of the inner side of the heart sack to extruded to form tubing, sheet and other shaped articles, 

provide for the proper pacing or defibrillation for the sepa- 45 j^ GS& methods of antimicrobial coating, impregnation of the 

rale heart chamber. The film electrode, ribbon, fiber elec- antimicrobial agents, or compounding of the antimicrobial 

trode and heart sack can be healed treated to shrink or lorm agents inlo lhe msu | a tion materials can be applied to any 

a contoured configuration to fit exactly onto the heart, so that ()lncr type () r heart sat;k> ]eads an j electrodes, 
the electrodes make tight contact with the heart wall. 

Ihe whole heart sack can be made semipermeable or 50 EXAMPLE 1 

totally permeable depending upon the hear sack size and A heart snap ed polypropylene model including all blood 

physiological requirements. The semipermeable membrane vessel components was coated with a 10% solution of 

can be prepared from a molding mixture of polymers with a Pellethane 90AE in N-dimethylpyrrolidone and dried. The 

designated molecular weight and proportion of leaching process was repeated three times to obtain an adequate 

component. Pore size and porosity is proportional to the 55 coating thickness. Then, a screen made of polyethylene 

molecular weight and amount of leaching compound. terephthalate) (PET) was placed onto the coated model and 

Leaching out the soluble component from an injection coated again with the Pellethane solution. Coating and 

molded heart sack creates a semipermeable membrane. A drying were repeated several times. Then, the heart shaped 

phase inversion casting method can be also used. Micro or was rem oved from the model by making a slit from the 

macro holes can be also mechanically perforated in the heart 60 center upper edge to below the aorta to obtain a heart shaped 

sack. This will allow body fluid to freely flow around the sack Then> a num ber of polypropylene sutures were 

heart sack. The number and size of holes can be optimized attached on the both side of the slit. The sutures make it 

depend upon the size of heart sack and physiological easier to close the slit and secure the heart sack on the heart, 

requirements. cvampi F l 

It is desirable to eliminate the friction among the heart 65 &A/\ivirLt- z 

sack, leads and heart muscle to prevent mechanically A heart shaped polypropylene model including all blood 

induced damage. The heart sack and noble melal coated vessel components was coated with a polyurethane solution 
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prepared from polytetramethylene ether glycol having a 
molecular weight of 1,000, methylene bis-phenylisocyanate, 
and ethylenediamine in dimethylacetoamide and dried. The 
process was repeated two times to obtain an adequate 
coating thickness. Then, a screen made of poly(ethylene 
terephlhalale) (PET) was placed onto the coaled model and 
coated again with the Pellethane solution. Coaling and 
drying were repeated several times. Then, the heart shaped 
skin was removed from the model by making a slit from the 
center upper edge to below the aorta to obtain a heart shaped 
sack. Then, a number of polypropylene sutures were 
attached on the both side of the slit. The sutures make it 
easier to close the slil and secure the heart sack ou the heart. 

EXAMPLE 3 

To the Pellethane solution of example 1, two percent of 
polyethylene glycol having molecular weight of 1000 was 
dispersed. Then, the solution was applied lo Ihe polypropy- 
lene heart model in the same manner. The coating was dried 
and annealed. Thus obtained heart sack was placed in 60° C. 
water bath for 60 minutes to leach out the polyethylene 
glycol. After drying a heart sack with a semipermeable 
membrane was obtained. 
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EXAMPLE 4 

Poly(ethylene terephthalate) monofilament having a 20 
micron diameter was plated with approximately 0.5 micron 
thick platinum. A yarn consisting of 48 platinum deposited 
monofilament was braided to make an electrically conduc- 
tive wire. The braid having a 60 mm length and 1.8 mm 
diameter had an electric resistance of 0.7 ohms. A platinum 
coated fiber braid 800 mm long and 0.6 mm in diameter had 
a tresistance of 35 ohms. The product had extremely good 
corrosion resistance. No corrosion was found after 400x15 
amp 10 milli-second defibrillation shocks in 0.9% saline. 
1 "he platinum-coated fiber had very low toxicity and passed 
both the ASTM F813 Cytotoxicity Assay and the Cell 
Growth I nhibition-Cy to toxicity Assay. 

EXAMPLE 5 

Two braids of platinum deposited polyethylene 
terephthalate) fibers having 0.6 mm dia were inserted into 
two lumen Pellethane tubing. The braids protruding from 
one end of the lubing were connected to Ihe adapters that fit 
into a pacemaker. The braids protruding from the other end 
of the tube were bonded into a groove in the inner surface 
of the heart sack in such way thai the electrodes are exposed 
on the inner surface of the heart sack. Then the heart sack 
was placed on the polypropylene heart model and annealed 
at 85° C. for two hours. After cooling hear sack equipped 
with the electrode and leads contoured with the heart sack 
was obtained. 

EXAMPLE 6 

MP35N coils were placed in tubing (2.4 mm dia, 0.2 mm 
wall thickness) made of Pellethane 55D, Pellethane 80A, 
and peroxide cured silicone. Then, the tubing was bent in a 
U-shape and placed separately in 1-in diameter test tubes 
containing 10% peroxide solution. A braid made of platinum 
coated PET was also bent in the same u-shape and placed in 
a lest tube containing 10% peroxide solution. Pellethane 
55D which is manufactured by Dow Chemical and which is 
known as a bioslable and biocompatible polyurethane and 
Pellethane 80A which is known to be susceptible to the 
environmental stress cracking under mechanical stress were 
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used as positive and negative controls. Test tubes were 
covered by waxed plastic film and placed in an incubalor at 
37° C. After 6 weeks of incubation, the tubes and braids 
were examined under microscope. Micro-cracks were 
observed in the bent area of the Pellethane 80A tube. No 
cracks or fissures were observed on either the Pellethane 
55D or the silicone and platinum coaled PET. 

EXAMPLE 7 

Polytetramethylene ether urethane (PEU) was prepared 
from methylene diphenyl isocyanate (MDI), poly 
(tetramethylene ether) glycol (PEU), and butanediol. Films 
(2 mmxlO mmx0.5 mm) were extruded from the PEU. The 
same size films were also extruded from polycarbonateure- 
thane (PCU) prepared from MDI and poly(hexamethylene 
carbonate-ethylene carbonate) glycol (PCU), and poly 
(ethylene terephthalate) (PET). Platinum coated poly 
(ethylene terephthalate) (Pl-PET) film, and PET film coated 
with polyvinylpyrrolidone interpolymer (Pt-PVP) were also 
obtained. All films were placed in separate vials and exposed 
to fresh platelet plasma concentrate. The vials were incu- 
bated at 37° C. for 30 minutes wilh slight agitation. Then, the 
films were rinsed in cold phosphate butter and treated with 
3% glutaraldehyde, dehydrated serially with increasing con- 
centration of cthanol and air dried. Thus obtained samples 
were spatter coated with gold and examined using scanning 
electron microscope. The amounts of platelet adhesion and 
degree of platelet activation were measured. Round platelet 
and no pseudopodia present was rated 1, a few pseudopodia 
with no flattening was rated 2, one or more pseudopodia 
flattened and hyaloplasm not spread between pseudopodia 
was rated 3, hyaloplasm partially spread was rated 4 and 
hyaloplasm extensively spread were rated 5. Thus, the 
smaller the number the better the biocompatibility. The 
ratings obtained were: PEU 2, PET 4, PCU, 3, Pl-PET 2, and 
Pt-PVP 1. PVP 1. 

EXAMPLE 8 

A semipermeable heart sack was obtained by coating and 
drying a heart shaped model with appropriate blood vessel 
features and have holes and grooves for the pacemaker leads 
or defibrillation leads or both, with a mixture of polyeth- 
ylene glycol (PEG) having 600 molecular weight with the 
elastomer solution prepared from the reaction of- polytet- 
ramethylene ether glycol having a molecular weight of 
1,000 and methylene bis(p-phenylisocyanate) with the molar 
ratio of 1 lo 1.6 lo 1.9 respectively in N,N' dimethylacetoa- 
mide (DMA) at 85° C, then adding a mixture of ethylene 
diamine, 1,3 diaminocyclohexane and diethylamine in DMA 
(1:0.24:0.19 molar ratio respectively) to chain extend to 
oblaine approximately 30% solution, and adding 0.025% 
each of 4,4' buttylidene-bis (6-t-butyl m-cresol) and 2 
diethyaminoethy methacrylate-n-decyl methacrylatc 
copolymer as stabilizer. ATler a sufficient ihickness is 
obtained by the repeated coating and drying processes, the 
product was placed in a 45° C. water bath to leach out the 
water soluble PEG. The porosity and pour size of the 
products were controlled by the molecular weight, amount 
of PEG and leaching temperature. Thus obtained heart sacks 
were removed from the mold making slits. Then, polypro- 
pylene sutures with needle were attached on both side of the 
slits. The suture enabled to secure the heart sack on the heart 
model and demoast rated convenience of the built-in suture. 

EXAMPLE 9 

The inner and outer surfaces of polyurethane heart sacks 
of example 8 were coated with a PVP urethane interpolymer 
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solution. The coaling solution was prepared dissolving 1.5 7. The device according lo claim 4, wherein the device is 

percent weight PVP having 30 Kvalue that is related lo in elastic. 

molecular weight of PVP, 0.5 percent weight of an adduct of 8- The device according to claim 1, wherein the electrodes 

methylene bis-cyclohexyl isocvanate and poly(telraethylene are encased in insulating tubing. 

ether) glycol having 1000 molecular weight, 03% isocyan- 5 9. The device according to claim 8, wherein the insulating 

ate terminated caster oil and 0.005% stannous ocloale cata- tubin 8 comprises a material selected from the group con- 

lyst in the mixture of solvents consisting of 35% methyl s !f ^ °* , po yetherurethane, f^arbo^^ 

ethyl ketone, 20% ethyl lactate, 10% ethyl acetate, and 35% ^ ,0 ^^ 

for 2 hours. A coated test sheet of polyurethane sheet 10 comprises multiple lumens to maintain the 

prepared in the same manner demonstrated a high degree of electrodes in electrical isolation. 

lubricity when wet and had about one quarter the fnction of n The device accordmg t0 claim 1, wherein the elec- 

Tcflon. trodes are imbedded in the biocompatible material. 

12. The device according to claim 1, wherein the material 

EXAMPLE 10 15 dcfincs holcs , 

A piece of polyvinylpyrrolidone-urethane coated heart 13. A The device according to claim 1, wherein the 

sack material (2 cm diameter) was immersed in saline material defines pores. 

solutions containing 0.1% benxalkoniumchloride (BAC) 14. lhe device according to claim 1, wherein the material 

and then dried. The pierce was placed on a culture dish is semipermeable such that body fluid can freely flow around 

containing staphylococcus epidermis and incubated at 37° 20 ^e device when in use. ^ m 

C. for 3 days. A more than 5 mm of zone of inhibition was 15. The device according to claim 1, wherein the material 

observed in the culture dish. Similarly, the is configured to surround the heart. 

polyvinylpvrrolidone-urethane coated electrodes immersed 1* The device of claim 1, wherein the biocompatible 

in saline solutions containing 0.1% of chlorhexidine dihy- „ c material comprises silicone. 

drochloride (CHD) and dodecarbonium chloride (DCC) 25 A device for treating a disease of a heart, the device 

showed more than 5 mm of zone of inhibition, comprising: 

What the claims are: ( a ) biocompatible material configured to engage a surface 

1. A device for treating a disease of a heart, the device of the heart to relieve tension on a wall of the heart; 
comprising: (b) one or more heat treated electrodes operably con- 

(a) biocompatible material configured to engage a surface 3 ° nected to the material and configured to contact a 
of the heart to relieve tension on a wall of the heart; surface of the heart, wherein the one or more electrodes 

n . . ,11.1 it are heat treated to shrink to contour to the biocompat- 

(b) one or more heat treated electrodes operably con- material- 
nected to the material and configured to contact a l e ma en , 

surface of the heart wherein the heat treated electrodes 35 « a P^aker operably connected to the electrodes; and 

are heat treated to shrink to contour to the biocompat- ( d ) noble metal on ^ one or more electrodes, 

ible material; and I 8 - ^ dcvicc of claim 17 * wherein the noble metal 

/x . ui *~ ,u 0 o i 0/ ,„. Aflo c coating coats at least one of the one or more electrodes. 

(c) a pacemaker operablv connected to the electrodes. & . , . - , , a^;^ 

j • j- 4 1 • 1 u • .u u- 19. A device for treating a disease of a heart, the device 

2. The device according to claim 1, wherein the biocom- . . & 

palible material is elastic. ™ comprising: • 

3. The device according to claim 1, wherein the biocom- « biocompatible material configured to engage a surface 
patible material comprises an elastomer selected from the of thc hcart t0 rchcve tension on a ? al1 of th ^ heart; 
group of polyetherurethane, polycarbonateurethane, 0>) one or more heat treated electrodes operably con- 
siliconc, poly(siloxanc)urcthanc and hydrogenated poly nected to the material and configured to contact a 
(styrene-butadiene)copolvmer. 45 surface of the heart, wherein the one or more heat 

4. The device according to claim 1, further comprising treated electrodes are heat treated to shrink to contour 
reinforcing fibers embedded in the biocompatible material. to the biocompatible material; and 

5. The device according to claim 4, wherein the reinforc- (c) a pacemaker operably connected to the electrodes, 
ing fibers comprise a polymer selected from the group wherein the biocompatible material and the one or more 
consisting of: polyamide, polyimide, polyester, 50 electrodes are coated with a biocompatible coaling, 
polypropylene, poly urethane, and combinations thereof. 20. The device of claim 19, wherein the biocompatible 

6. The device according to claim 4, wherein the reinforc- coating comprises a hydrophilic material, 
ing fibers comprise poly(cthylcnc tcrcphthalatc), poly 

(butylene terephlhalate), or combinations thereof. ***** 
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